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Abstract

Sixty plant specieswere collectedin the Ivory Coaston the basisof an ethnobotanicaliterature using the following three criteria:
activity againstworms,diarrhoeaand/orabdominalpain. Eighty six plantextractswerepreparedising90% ethanolandtestedfor potential
anthelminthicactiities with a larvicidal testof Haemonbuscontortus 25.6%o0f the extractsshaved a high actiity, 12.8%wereactive or
maiginally active andtheremaining61.6%wereinactive. Thefactthatarelatively high percentagef theplantsspecieg50%)hadanactivity

canbeexplainedby theinitial preselectiorof the plantson the basisof ethnobotanicaihdications.
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1. Intr oduction

Infectionsof animalswith gastrointestinahematodesre
aworld wide problem.Theseparasitecauserequentlyim-
portanteconomidossesdueto mortality in thecaseof heary
infection. In addition, chronic infections causea lowering
of productvity, fertility, growth, milk and meatproduction
(Holmes,1985; Fox, 1997). The anthelminthicdiscorered
andusedsincethe ‘60s have permittedto limit the problem
until the appearancef resistancandeven multi-resistance
in nematodgopulationgSangsterl999;ZajacandGipson,
2000. Actually, the situationbecomesrery problematicor
even critical in certainregions of the globe (Waller, 1997;
Van Wyk etal., 1999;JacksorandCoop,2000.

Severalcontrolmeasureareavailable(Waller, 1999 like
vaccination(Bain, 1999; Newton and Munn, 1999; Smith,
1999, breedingof resistantsheepraces(Gray 1997, im-
provementof food quality (Wallaceetal., 1998;Dattaetal.,
1999; Coop and Kyriazakis,1999; Knox, 2002 and better
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methodsof breedinganddairy farming (Stearet al., 1998;
Barger, 1999; Niezenet al., 1999. In addition, biological
measurearebeingdeveloped(deGiveset al., 1999;Larsen,
1999;Penaetal.,2002 andtheuseof anthelminthicalready
presenbn the market hasto be optimised(Hennessy1997;
Smithetal.,1999;Van Wyk andBath,2002. In spiteof these
efforts, thesearcHor new nematocidasubstanceeemainsa
priority (Gearyetal., 1999;Witty, 1999.

Since a long time, mankind has developedthroughout
theworld a traditionalmedicinebasedon the knowledgeof
medicinalplants.This knowledgegot enrichedover numer
ousgenerationslueto experimentatiorbut alsothroughob-
senationof animalbehaiour. Mostof thetime, thisinforma-
tionisonly orally inheritedandis thereforan dangeof being
lostin favor of modernmedicine However, it representsor
thelocal populationa possibility of simpleandcheaptreat-
ment.In addition,it is a sourceof potentiallyimportantnew
pharmaceuticatubstancesl heinterestandurgeng of eth-
nobotanicalresearchis thus obvious (Schillhornvan Veen,
1997; Hammondet al., 1997). Several moleculeswith an-
tiparasiticactvities, asfor examplequinineandartemisinin,
have beenidentifiedin plantsandare actuallywidely used



(Kayseretal., 2003, othersshav promisingnematicidalc-
tivities (Al-Qarawi etal., 2001;0Onyeyili etal.,2001).

Only afew ethnobotanicastudiesevaluatethetraditional
veterinarymedicing(LansandBrown, 1998a,bVieiraetal.,
1999. Only a few publicationstreat the use of medicinal
plantsin theveterinarysettingof the African continent(Aké
Assi, 1992; Bizimana, 1994; Fakaeet al., 2000; Nfi et al.,
2001), but studiesverifying the presumedctiities arerare.

Theresistancagainsimedicallyactive substancets par
ticularly pronouncedn the caseof gastrointestinahema-
todesof sheepandgoats(SangsteandGill, 1999 andespe-
cially in thecaseof HaemonbuscontortusRudolphi(1803),
which is an hematophagousematodeof veterinaryimpor-
tancethroughoutheworld. In WestAfrica this gastrointesti-
nal parasitds dominantin ruminants(Achi etal., 2003.

Haemonbuscontortusdevelopsasfreeliving nematodes
fromtheeggstotheinfectiveL 3 stageTheruminantdecome
infectedwith L3 while grazingandthe furtherdevelopment
of the parasitepassewia several moultsto the adult stage,
which is finally localisedin the abomasumThe femaleof
Haemonbuscontortusproduces5000-10,00@ggsperday
releasedvith the hostfaecesThe free living stagesof this
parasitecanthereforebe usedasa modelfor anthelminthic
bioassayso testplantextractactuities.

In orderto identify anthelminthicactivities in plantsdif-
ferentstratgjiescanbeproposedrandomscreeningf alarge
numberof extracts focusingononespeciesgenusor family,
testingall partsof a specificplantfor potentialactiities or
finally screeninga selectechumberof plantson the basisof
ethnobotanidnformation (Fabricantand Farnsvorth, 2001;
Rates,2001). The lastapproachwas selectedor this study
duetoitsadwantagef rapidlyidentifyingalimited numberof
interestingplants.However, acertainrisk to misssomeplant
specieswith potentialanthelminthicactiities hasto be ad-
mitted,becaussomeplantsmightnothavebeendocumented
in thetraditionalmedicine.

2. Material and methods
2.1. Plants

Severalethnobotanicabooksontraditional humaror vet-
erinarymedicinein Africa have beenconsultedde Koning,
J.,Rappordestage1970,0RSTOM; Abbiw, 1990;AkéAssi
and Guinko, 1991; Aké Assi, 1992; Iwu, 1993; Sofawora,
1996;Weiss,1997), themajorsourcebeingthebookon“Tra-
ditionalveterinarypracticein Africa” (Bizimana,1994. The
choiceof the plantsandtheir partswas basedon threecri-
teria, namelyactive (a) againstworm affectionsin general
(wormsin generalroundworms,Guineawvorms,flatworms),
(b) againstdiarrhoeaanddysenteryand(c) againstabdomi-
nal pain. Plantpartswerefinally collected which werecited
for all possiblecombinationf thesethreecriteria.

Sixty plant specieswere collectedin the regions of the
savannahandthesecondaryainforestof thelvory Coastbe-

tweenOctobermndDecembeoftheyear1996.Voucherspec-
imenswere depositedat the “Centre Suissede Recherches
Scientifiques”Adioupoudourg, lvory Coastjn theNational
Floristic Centerof thelvory Coastandin theBotanicallnsti-
tute of the University of Neuctatel, Switzerland Sampleof
OmphalocarpurelatumMiers,Ceibapentanda(L.) Gaertn.
andGarcinia kola Heckel weretestedput couldnotbeadded
asvoucherspecimenso the herbarium.

2.2. Prepaiation of extracts

A total of 86 sampledrom leaves,barkand/orrootsof the
60plantspeciesvereused25g of dry powderof eachsample
was extractedduring 12h in 250ml of 90% ethanolunder
constantagitationand at room temperatureAfter filtration
the ethanolwas evaporatedundervacuumin a Rotasapor
Theextractwas lyophilizedandstoredat —20°C.

2.3. Productionof Haemonbuscontortuseggs

Six to ninemonthsold femalesheepof thelocal Sahelien
andDjallonké raceweretreatedby a singledoseof 2ml of
Levamisol,3.75%(LAPROVET) per10kg weightandkept
pairwiseduring 1 monthin a box with a woodenbar bot-
tom. The absenceof ary gastrointestinaparasitesn feces
was microscopicallyerified.Everyanimalwastheninfected
orally with a singledoseof 1500-300Ghird stagelarvaeof
Haemonbuscontortus Eggswerecollectedthreeweeksaf-
tertheinfectionandtheeggspergram(epg)was daily deter
mined.Thefecescollectedduringal2 h period werediluted
in water filteredthroughgauzeandthenthroughasieve with
a meshsize of 32um. The sedimentsvereresuspendeth
a saturatedsolutionof glucoseandcentrifugedat 1500rpm
during 10min. The supernatantvas filtrated throughsieves
with a meshsizeof 50 and32m. The egg suspensionvas
usedon the sameday.

2.4. In vitro anthelmintictest

Thirty mgof thedry plantextractsweresolubilizedin 1 ml
dimethylsulfoxideandtested2—3 timesin duplicatesin the
bioassay20 ul of serialaqueoudlilutionsrangingfrom 1.7
to 1.3 x 10-3 mg/mlwereusedin duplicateon 96 multiwell
plates.140pl of 2% agarwith 1% Fungizonekeptat 50°C
wereusedto overlaythe extracts.After solidification,about
70 eggsof Haemonbuscontortuswereaddedto eachwell.
The plateswere incubatedfor 24h at 25°C with a 100%
relative humidity.

Twenty wl of a culture medium (composition:proteose
peptoneandyeastextract,0.5g eachin 100ml of Earlssalt,
10x dilutedin physiologicalkaltsolution)wasthenaddedn
orderto favour bacterialgrowth usedasthe major sourceof
nutrientsby thefreeliving larval stages.

Thesuccessfuhatchingof thelarvaewas microscopically
verifiedin the controlwells andthe degreeof hatchingwas
determinedn thewells containingthe plantextracts.



Six days after inoculation the number of nematodes
presentthe degreeof their development(proportionof ne-
matodesn thelarval staged.1, L2 resp.L3) andtheviability
of thelarvaeweremicroscopicallyevaluatedn eachwell. A
high nematicidakctiity was definedwhena 95—-100%otal
larval mortality was obsened. Eighty to ninetyfive percent
mortality was consideredas an intermediateactivity anda
low activity was monitoredwith a mortality of 60—-80%.

Twenty wl Moxidectineand Fenbendazolgyo standard
anthelminthicswereusedaspositive controls(from a stock
of 7.5mg/ml DMSO in agueoudilutions of 0.28to0 1.7 x
10" mg/ml). As negative controls wells were filled with
20l deionizedwater

3. Results

From the totally 60 plant speciescollectedin the field
(Tablel), seven have beencitedfor theiruseagainstvorms,
diarrhoeaand abdominalpain together(Table 4). Eighteen
speciesvererecommendedgainstvormsanddiarrhoeafive
speciesaigainstwormsandabdominajpaintogetherandfive
againstdiarrhoesandabdominalpain. Twelve speciesvere
indicatedagainstivormsonly, therestagainsbneof theother
two criteria.

In the control wells of the bioassaythe hatchingrate of
Haemonbuscontortuswas generallybetweer0and100%,
andonly in oneassaythe ratewas betweer85to 90%. The
meandevelopmentrateto the L3 larval stagewas between
65 to 75%. A 100% mortality was found at the L2 stage
in the wells containingthe anthelminthicd=enbenzadoler
Moxidectineup to adilution of 1.67 x 10~/ mg/ml.

Among the 86 samples33 shaved anthelminthicactivi-
ties(Table2). Twentytwo plantextractscausedmortality of
95-100%0of thelarvaeatthelastactive dilution correspond-
ing to 0.43-1.7mg/ml of the extracts.A category of nine
extractswith aconcentratiomangeof 0.0963—-1.mg/ml,in-
duceda mortality of 80—94%andfinally two extractscaused
a60—79%mortalityin therangeof 0.848—1.7/mg/ml.Higher
concentrationsf theextractsdid notresultin increaseanor-
tality rates.

4. Discussion

Threecriteria (active againstworm affectionsin general,
diarrhea/dysentergnd abdominalpain) frequentlyusedin
the ethnobotanicaliterature (for exampleBizimana, 1994
wereusedto selectplantswith a potentialactive substance
againstnematodesPriority was given to plantsindicated
againstworms, becausediarrhoeaand abdominalpain on
theirown canbedueto eitheraninfectionby gastrointestinal
wormsor numerousothertroublesof the digestive system.
An exhaustie list of plantswas preparedunpublishediata)
onthebasisf thetraditional humanandveterinarymedicine
literatureof Africa (de Koning, J., Rapportde stage, 1970,

ORSTOM; Abbiw, 1990;Aké Assi andGuinko, 1991;Aké
Assi, 1992;Iwu, 1993;Bizimana,1994;Sofowora,1996and
Weiss,1997). Thefinal choiceof the speciescollectedwas
determinedby the availability of the plantsin thefield.

Limiting thescreeningntheinformationpresentn tradi-
tionalmedicinehastheincornveniencehatunknovnactiities
will notbedetectedln addition,thedegreeof anactwity can
vary in variouspartsof a plant(for instancebuds,or young,
agingor desiccatedeaves)andduring differenttime points
(morning,noonor evening,beginningor endof thedry sea-
son,etc). The medicationgproposedy traditionalmedicine
are frequentlya mixture of several plantspreparedn dif-
ferentmannergqfreshparts,exudatesashesteas,decoction
etc.).Thereareonlyfew scientificindicationsavailablewhich
demonstratea priori the efficacy of suchtraditionalmedica-
tions. Ethnobotanicainformation,aspreciousasit may be,
mustbe verified usinga standardizedestsystem.

Theuseof Haemonbuscontortusasatestsystemis jus-
tified by the factthatthis nematodds anintestinalparasite
of economicimportancen the farmingof smallruminants.
Its free larval development,alsounderin vitro conditions,
allows a simplestandardizatiofasedon mobility andmor-
phologicalparameters.

Theuseof FenbendazolandMoxidectine twocommonly
usedanthelminthicmoleculesas positive controls,allowed
thevalidationof thetestsystemin theabsencef astandard-
ized plant extract. It is obvious that the plant samplesare
testedat higher concentratiorievels, sincethe components
arenot purifiedandthe active moleculesepresenprobably
only a fraction of the total sample explaining the factor of
107 of differencebetweenthe standardsandthe plant ex-
tracts(Rates2007).

Theresultsof theanthelminthicactiities obtainedwithin
afamily or a speciesleviatedsometimedrom the expected
outcomefor instanceRauvolfiavomitoria Afzel., a species
very often cited and thus promising,was finally found to
beinactive. On theotherhandParinari excelsaSabinegited
onlyonceto beindicatedagainstliarrhoeandthusapriori of
little interest shaveda high actiity in thebioassayCertain
plantsshaved an actiity in all partstested,asin the case
of theleaves andthebarkof Terminaliaavicennioidesuill.
& Perr CrossopteryxXebrifuga (Afzel. ex G. Don) Benth.,
however, had strongactiities in the leaves, moderatelyin
the bark and no actvity in the roots. Suchresultsare not
surprisingin view of the ethnobotanicainformationbased
exclusively on empiricaltherapeutiéndications.

In fact,amongthe highly active plant speciesdentified
with our test system,XimeniaamericanalL., Khaya sene-
galensigDesv) A. JussandAnnonasengalensidPerswere
indeedmostfrequentlycited for the useagainstwormsand
diarrhea(Table2). 25.6%o0f the plantextractsand31.7%of
speciestestedshaved relatively high actiities. If the ex-
tracts or specieswith moderateto low actvities (leading
to 60—-95%mortality) are included,the percentagesf ac-
tive sampledncreaseto 30.4resp.50% (Table 3 ). The 30
plant specieswith an anthelminthicactivity were analysed



Tablel

List of the plantspecieselectedusingethnobotanicahformations

Family/species/(voucher specinign

Plant part citedl

Traditional usé

Worms Diarrhea Abdominal pains
Aloaceae
Aloe buettnerBerger (387309) Leaf 1,4
Anacardiaceae
Pseudospondias microcargA. Rich.) Engl. (387186-8) Leaf, root 4
Annonaceae
Annona senegalensi®ers. (387281-3) Bark, fruit, leaf, root, seed, 1,2,4 1,3,4
stem root, stem
Xylopia aethiopica. Rich. (387234/93) Bark, fruit, seed 1,4,5 1,5
Apocynaceae
Rauvolfia vomitoriaAfzel. (387300-1) Bark, leaf, root, stem root 8 1,6 1,8
Asteraceae
Ageratum conyzoiddsnn. (387312) Leaf, root, whole plant 58
Erigeron floribundugH.B. & K.) Sch. Bip. (387296-7) Leaf 8
Bidens pilosd.. (387311) Leaf 4,6
Vernonia nigritianaOliv. & Hiern. (387202-4) Root 1
Bombacaceae
Adansonia digitatd.. (387322-3) Leaf, seed, fruit pulp 1,2 1,3,4
Ceiba pentandrdl.) Gaertn. () Bark, leaf, root 4 1
Caesalpiniaceae
Cassia occidentalik. (387287-8) Leaf, root, seed 1,2,4
Cassia sieberiana var villosA. Chev. (387213-4) Leaf 1 1
Cassia toral. (387290-2) Root 4
Piliostigma thonningi{Schumach.) Milne-Redh (387279-80) Bark, bud, leaf 1,3 3
Caricaceae
Carica papayal.. (387212/7310) Bark, fruit, leaf, root, sap, 3,4,5 3,8
seed, shoot, stem root
Chrysobalanaceae
Parinari curatellifolia Planch. ex Benth. (387209-11) Stem 4
Parinari excelsaSabine (387260-2) Fruit 1
Clusiaceae
Garcinia kolaHeckel ) Fruit, seed 1 5
Combretaceae
Anogeissus leiocarp@C.) Guill. & Perr. (387239-41) Bark, coal, fruit, leaf, root, 2,4,5 1,3
seed, stem
Terminalia avicennioide&uill. & Perr. (387286) Leaf, root, stem root 2,4 1
Connaraceae
Cnestis ferrugine&/ahl. ex DC (387202-07) Leaf, root, stem root 1 8
Ebenaceae
Diospyros mespiliformisiochst. ex A. DC. (387275-8) Ba, Lf, Sb 2,4
Euphorbiaceae
Flueggea virosgRoxb. ex Willd.) Voigt (387273-4) Leaf, stem 1
Jatropha curcak. (387249) Leaf ashes, bark, leaf, root, 1,35 1,5
seed
Ricinus communik. (387263-5) Leaf, seed 1 4
Fabaceae
Dalbergiella welwitschiiBak.) Bak. F. (387319-21) Leaf 1 8
Erythrina senegalensi&. DC. (387189) Bark, root 4 1
Humiriaceae
Sacoglottis gabonens{Baill.) Urban (387302-3) Bark 8
Hypericaceae
Harungana madagascariendism. ex Poir. (387215-6) Bark, berry, bud, leaf, root, 1,4 1,6 1
stem
Lecythidaceae
Napoleonea leonenskutch. & Dalz. (387228-9) Leaf 8
Malvaceae
Sida acuta subsp carpinifolig.. f.) Borss. (387270-1) Leaf 4



Tablel (Continued)
Family/species/(voucher specinign Plant part citefl Traditional usé
Worms Diarrhea Abdominal pains

Melastomataceae

Heterotis rotundifolia(Smith) Jac.-El. (387176-7) Leaf 5 6
Meliaceae

Khaya senegalens{®esv.) A. Juss. (387217-9) Bark, leaf, stem 1,2,4,5 4,5 1
Mimosaceae

Albizia anthelminticacf Brongn. (387298-9) Bark 4 4

Pentaclethra macrophyliBenth. (387190) Bark 1 8
Moraceae

Ficus exasperat&ahl (387245) Leaf 1 1

Musanga cecropioideR. Br. (387178-9) Coal, stem bark, wood 8 8
Myristicaceae

Pycnanthus angolens{8Velw.) Warb. (387225-7) Root 1,8
Olacaceae

Ximenia american&. (387201) Fruit, leaf, root, stem root 1,5,7 1,3,4,7 3
Opiliaceae

Opilia amentaleeRoxb. (387180/387237-8) Leaf, root 1,4 4
Pandaceae

Microdesmis puberul&look. F. ex Planchon (387250-2) Bark, leaf 1 1,8
Passifloraceae

Adenia lobataJacq.) Engl. (387313-4) Leaf 8
Piperaceae

Pothomorphe umbellata. (387235-6) Fruit, root, stem 1,5 8
Poaceae

Pennisetum purpureu®chumach. (387289) Leaf, stem 4
Polygalaceae

Securidaca longipedunculafaes. (387258-9) Leaf, root 4
Rhamnaceae

Ziziphus mauritiand.am. (387181-5) Bark, leaf, root 1 1
Rubiaceae

Crossopteryx febrifugéAfzel. ex G. Don) Benth. (387197-00) Bark, leaf, root, stem bark 1,3 1,3 1

Mitragina ciliata Aubrév. & Pellegr. (387284-5) Bark, leaf 8 1,5

Mitragina inermis(Willd.) O. Ktze. (387191-5) Bark, leaf 2,4 1

Morinda longifloraG. Don (387230-3) Fruit, leaf, root 5 5 8

Nauclea latifoliaSm. (387307-8) Bark, leaf, root 4,6 1,6 1
Rutaceae

Zanthoxylum xanthoxyloid¢sam.) Zepernick & Timber (387196/387208) Fruit, leaf, pulp, stem bark 1,5 1 1
Sapotaceae

Omphalocarpum elaturiliers (—) Bark 8
Scrophulariaceae

Scoparia dulcid.. (387318) Leaf 8
Solanaceae

Nicotiana tabacunt.. (387266-9) 4
Sterculiaceae

Cola caricaefolia(G. Don) K. Schum. (387246-8) Leaf 8 8
Ulmaceae

Trema orientaligL.) Blume (387242-3) Leaf, root 1,3,6 1
Zingiberaceae

Aframomum daniell{Hook. f.) K. Schum. (387294-5) Leaf 8

Aframomum sceptruh{Oliv. & Hanb.) K. Schum. (387315-6)

a |dentification number, herbarium at the University of Neateh, Suisse. Three plant species were tested, but not deposited as voucher spe€jmens (

b Literature sources used for the plant selection: (1) Abbiw; (2&-Alssi; (3) Ake-Assi & Guinko; (4) Bizimana; (5) Iwu; (6) de Koning, J. Rapport de
stage. 1970. ORSTOM,; (7) Sofowora; (8) Weiss.

¢ Aframomum sceptrurf®liv. & Hanb.) K. Schum. was collected without a particular ethnobotanical indication in order to compare the activity in within
the same genus.



Table2
Activities of plantsamplegested

Plant species

Number of citations Total Plant parts Minimal active
found for each criterfa citations tested concentration
Highly active with 95-100% larval mortality
Annona senegalensiers. 3 3 - 6 Stem bark 0.43
Bark 0.43
Anogeissus leiocarpy®C.) Guill. & Perr. 3 2 - 5 Stem bark 0.43
Crossopteryx febrifuggAfzel ex G. Don) Benth. 2 2 1 5 Leaves 0.43-0.849
Flueggea virosgRoxb. ex Willd.) Voigt - 1 - 1 Leaves 1.7
Harungana madagascariendiam. ex Poir. 2 2 1 5 Bark 0.849
Jatropha curcagd.. 3 2 - 5 Root 0.849
Khaya senegalens{®esv.) A. Juss. 4 2 1 7 Bark 0.849-1.7
Musanga cecropioideR. Br. 1 1 2 Stem bark 0.849
Napoleonea leonensisutch. & Dalz. - 1 - 1 Leaves 1.7
Omphalocarpum elaturiliers - - 1 1 Bark 0.849
Parinari excelsaSabine - 1 - 1 Bark 0.849
Piliostigma thonningi{Schumach.) Milne-Redh - 2 1 3 Bark 0.849
Sacoglottis gabonens(8aill.) Urban - - 1 1 Bark 0.43-0.849
Securidaca longipedunculaferes. 1 - - 1 Leaves 0.849
Root 0.849
Terminalia avicennioide&uill. & Perr. 2 1 - 3 Bark 0.849
Leaves 0.849
Trema orientaligL.) Blume 3 1 4 Root 0.849
Ximenia american. 3 4 1 8 Root 0.849
Xylopia aethiopicgDun.) A. Rich. 3 2 - 5 Bark 0.43
Ziziphus mauritiand_am. 1 1 - 2 Leaves 1.7
Active with 80-95% larval mortality
Adansonia digitatd.. 2 3 - 5 Leaves 0.43-0.849
Cassia sieberian®C. 1 - - 1 Leaves 0.849
Ceiba pentandrdlL.) Gaertn. 1 1 - 2 Bark 0.0963/1.7
Crossopteryx febrifugéAfzel. Ex G. Don) Benth. 2 2 1 5 Bark 0.0963
Diospyros mespiliformisiochst ex A. DC. 2 - - 2 Bark 0.849
Mitragina inermis(Willd.) O. Ktze. - 2 1 3 Bark 0.849-1.7
Parinari curatellifolia Planch. ex Benth. 1 - - 1 Stem 0.849
Pycnanthus angolens{sVelw.) Warb. 2 - - 2 Bark 1.7
Zanthoxylum xanthoxyloidésam.) Zepernic 2 1 1 4 Leaves 0.849-1.7
Marginally active with 60-80% larval mortality
Microdesmis puberul&look. ex Planch. 1 2 - 3 Leaves 17
Morinda longifloraG. Don 1 1 1 3 Root 0.849-1.7

2 W: indicated against worm infections in general; D: indicated for diarrhoea; A: indicated against abdominal pain.

according to the three ethnobotanical criteria useble 1)
and some of these plant species were cited several timesin the category of worms in general were the citations of a

Twenty one of them were recommended to be used againstgiven plant species to be used against worm affection only,
worm affections in generalléble 4 corresponding to 50%

Table 3
Plant extracts and plant species with larvicidal activities
Categories Number Percentage
Extracts
Total number of extracts tested 86 100
Highly active extracts 22 26
Active and marginally active extracts 11 .82
Inactive extracts 53 66
Species
Total number of species tested 60 100
Highly active species 19 31
Active and marginally active species 11 .38
Inactive species 30 50

of all plants cited N = 42). The most efficient indications

the combination against worms and diarrhoea, and those
against worms, diarrhoea and abdominal pain together. In
order to select a plant species the combination of the three
main criteria as well as the combination of the criteria against
worms and diarrhoea renders the best resitiible 4. This
seems logical because diarrhoea/dysentery and abdominal
pain are symptoms frequently associated with the presence of
worms.

However, if the citation of a plant against diar-
rhoea/dysentery can be a useful indication similar to the one
against worms, the abdominal pain as a parameter on its own
is less important. A statistical analysis is not useful, because
of the intentionally biased search of plants. In order to make
a statistical evaluation a parallel random large scale sampling
procedure would be necessary.



Table4

Activities of plantspeciesn relationto thethreemainselectioncriteria

Criteria Total plant species Highly active Percentage All active categories Percentage
Worm affections in general 42 14 n 21 50
Worms only 12 2 1 5 417
Worms and diarrhoea 18 8 44 10 555
Worms and abdominal pain 5 0 0 2 20
All three criteria together 7 4 57 4 571
Diarrhoea in general 36 15 a 18 50
Diarrhoea only 6 2 33 2 333
Diarrhoea and abdominal pain 5 1 20 2 40
Abdominal pain in general 23 7 30 10 435
Abdominal pain only 6 2 33 2 333

A plant extract showing no anthelminthic activity can not Aké Assi, Y.A. 1992. Contribution au recensement des:esp ecetales
be considered as being completely inactive. Activities result-  utilisées traditionnellement sur le plan zootechniqueé&rinaire en
ing of mixtures of different plant species or from a special Afrique de I'Ouest. Ph.D. Tése, Universé Claude-Bernard Lyon |,
preparation procedure of the plant.can be absent in isolatedAI_g;‘?gvcvi'A_A” Mahmoud, O.M., Sobaih, M.A., Haroun, E.M., Adam,
extracts. The extraction method using 90% ethanol does not s, 2001. A preliminary study on the anthelminthic activity of
guarantee a complete extraction of potential active molecules.  Calotropis proceralatex againstHaemonchus contortuifection in
In addition, the larval development test has also its limits, ~ Najd sheep. Veterinary Research Communications 25, 61-70.
because it does not allow to detect all potential biological Bain, R.K., 1999. Irradiated vaccines for helminth control in livestock.

L . . . International Journal for Parasitology 29, 185-191.
activities against helmmthﬁ(@tze etal., 1999; Varady and Barger, I.A., 1999. The role of epidemiological knowledge and grazing

Corba, 1999 It would also be indispensable to test again ex- management for helminth control in small ruminants. International
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